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In applications of phased array antennas for limited scan, sub-array
1,2

scheres prove tto be useful in reducing costs and space.

An investigation

of two such techniques, namely the space fed lens and a constrained feed

system were conducted.

Radiation patterns for a flat space-fed lens have been obtained and it

1

has been shown™ that this system compares favorably in performance with the

spherical lens, the latter being more difficult and expensive to construct

in a space envircnment.

Results on the effects of surface perturbations in

the lens and on techniques for phase correcting at the feefl for these per-

turbations are presented.
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I. INTRODUCTION

Many military and civilian applicatians of phased array antennas
require less than full sector scan. Two general classes of sub-array
systems used?for this purpose are2: (1) an array near the focal point
of a lens or reflector and (2) a constrained feed system which suppresses

grating lobes.

The first part of this invéstigation will deal with one-dimensional i

lens systems. Camputer programs have been written to give results on a

spherical lens system (this system was previously studied by Borgiotti3)
and for a f‘lat lens systeml. Antenna radiation patterns have been cbtained
for both systems as a function of scan angle3. The effects of mechanical
deformation of the flat lens surface are presented along with results on
one possible approach to correcting for these deformations by the feed b
system. The technique involves introducing phase corrections at each of
the sub~array feed points. Results are presented on the improvement in
main lobe amplitude, beamwidth and first side lobe level as a function of
the amplitude of these deformations. The form of the deformation is as-

sumed to be sinusoidal with distance along the array and results are given

also as a functions of the "frequency" of this sinusoid.




RESULTS ON THE ONE DIMENSIONAL LENS

Figure 1 shows the lens system analyzed by Borgiotti3. A Bulter

Matrix is used to form multiple beams which are directed at the lens.
The source 'is "phase~-focused" to the center of the lens which, in turn,
is focused at the center of the source. Camputer programs were written

to give results on this system as well as the flat lens systeml.

One of the possible difficulties with the space radar array involves
mechanical deformations in the flat lens surface. To investigate this |
effect the camputer programs were modified so that either sine or cosine ‘
surface deformations of arbitrary amplitude could be investigated. Figures
(2) and (3) show radiation pattems for peak-to-peak deformations (cosine)
of 0.1)x with a period of twice the lens length and 20 times the lens length,
respectively. Similar results for peak-to-peak deformation of A are shown
in Figures (4) and (5). However, in this latter case a mechanical period

of 20 results in an unusable pattern. Results are thus shown for a period

PRI e

of 2 in Figure (5).

One of the possible advantages of the space fed lens concept inwvolves
the possible correction for such deformations at the feed. This cancept
was investigated in only a preliminary way. Assume that the sub-array func-
tions, Fn’ at the output of the lens are known. If surface deformations,
Yy at each element are assumed perpendicular to the lens face then the
radiation pattern is

. u .
P = [* g &Mtk Y, coso
where n

S o Sy T, T o7 TR P
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the case u, = 0 with orthogonal fn is particularly simple

since
1

f £ *-M@~-1) =23
lg,pp Q==

which leads to
oy = =k Yz ooseo

which is intuitively satisfying and samewhat obvious.

Figures (6) - (11) show results of applying this technique to a one
dimensional flat-lens system. This system has 107 radiating elements in
the lens and is fed by a focused array driven by a Bulter Matrix. Figure
(6) gives results on the amplitude of the main beam (in DB) of the radia-
tion pattern as a function of the amplitude of the mechanical deformation
(normalized to wavelength) for unity mechanical "frequency". This cor-
responds to one cycle over the length of the lens. The lower and upper
points show the main beam amplitude without and with the appropriate phase
corrections at the sub-array feed points. Figure (7) gives results for
the amplitude (in DB) of the first side-lcbe. The width of the main beam
as determined by the 3 DB points was also investigated. There was little
degradation and hence little correction was possible in this quantity there-
fore Figure (6) is, to a reasonable approximation, an indication of the

gain improvement by this phase correction scheme.

Figures (8) and (9) show similar results for a mechanical "frequency"
of 5. The degradation in array performance both with and without phase
correction at the source is greater. Figures (10) and (11) show results for
a mechanical "frequency" of 10 and in this case the amount of degradation is
substantial and virtually no correction is possible. These results indicate

that as the mechanical "frequency" approaches or exceeds the number of sub-




Using notations similar to Dufort 4 we define

*

F_ ~ output to each antenna fram a given sub-array input
with all sub-array driven and with no surface defor-
mations. '

el
Fo ) Fn - M Zg0

L
where
- ~jtu
2o = 1245l @770
thus
- jn
P_(u) =1 g £ oMy Lo © M
Xlz l jeu - u) )J F OJPM
. L0 r

where the second factor is clearly the individual sub~array pattern. If
with surface deformations we let

- Jn
=2 e
ZR Lo .

So that a, can be set to campensate for these defomations then a similar

development yields

TR : - . jo jky cos0
V£ g = #udslu=u) l&iole v e ¥n
) n - m

P(u =}
n
! j oo ! ja, Jefu -u) Jky cost
=XfPeM XIZZOIQ 0 e’ o' ¢’ P + Mr.
p g

If, we expand the last tem as follows:
1. 1
Jky, = V *
e’ ¥n coso ()I 3y B - My

where 00 is the direction of the main beam

. P

1 o] 1
= Jo NI J G u
Pu) =) [z, | ¢ s ) a y fp £ e’ M o

q B p - Mg -2)

and we wish to choose u® so that

p (uo) = Po (uo)

e R VT (RPN - o




IITI. RESULTS ON THE TWO DIMENSIONAL LENS

i'
§4

. Camputer programs were developed to calculate the radiation pattera

P of the two dimensional lens with parameters equivalent to the one dimen-

r sional lens of the previous section. Figures (12) - (15) show radiation

' patterns for this case with no mechanical deformation of the lens surface.

f These patterns are obtained along the X-axis (0°), along a 45° line to the . :
X and Y axis, along the Y-axis (90°) and at 120° to the x-axis. The patterns

r along the X and Y axis corresponding to the one-dimensional lens case.

z Figures (16-19) show similar results for the case when only one of the sub-

arrays is driven and again these results agree with the one dimensional case.

Figures (20} - (23) show patterms with mechanical deformation in both

e s s e

n the X and Y directions of amplitude = 1 (nomalized to wavelength) and of
mechanical "frequency" = 2. The pattem along the X and Y axis are as ex-
: ) pected but the pattern at 45° shows a narrow side-lobe which is only about
| 10 DB below the main beam. This is a significant problem. Figures (24) -
(27) show results for the same deformation amplitude but at a mechanical

frequency = 8. The pattemn at 45° again shows a significant side-lobe, also g

1 our preliminary investigations seem to indicated that applying the phase cor-

1 rection scheme at the feed does little to diminish this sidelobe and; yet,

a——

-

the pattems along the X and Y directions show improvement consistent with

L

the one-dimensional case. This problem needs further study.




arrays the performance of the array degrades rapidly with the amplitude of

the mechanical deformations and more importantly, the technique of phase
correction at the feed is virtually useless. Clearly this can be used to

define the necessary mechanical properties of the lens structure.
'
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FIG. 12 - RADIATION PATTERN ALONG X-AXIS FOR TWO DIMENSIONAL LENS WITH NO MECHANICAL
DEFORMATTION.
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FIG. 13 - RADIATTON PATTERN AT 45° X-AXTS FOR TWO DIMENSIONAL LENS WITH NO
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FIG. 14 - RADIATION PATTERN ALONG Y-AXIS FOR TWO DIMENSIONAL LENS WITH NO
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! FIG. 15 - RADIATION PATTERN AT 120° TO X-AXIS FOR TWO DIMENSIONAL LENS WITH NO
' MECHANICAL DEFORMATION.

e ——————




-
.
.

-

0.0000E+00

-0.1200E+01

~0.2400E+401

-0.3600E+01

-0.4800E+01

-0.6000E+01

-0.+7200E+01

-0.8400E401

~0.2600E+01

~0.,1080E+02

-0.1200E+02

~0.1320E4+02

-0.,1440E+02

-0.1560E402

-0.1680E4+02

-0.1800E+02

-0.,1%920E+02

-0.2040E+02

-0.2160E402

-0.2280E402

-0.,2400E4+02

-0.2320E+02

=0.2640E402

~0.,2760E4+02

-0.2880E+02

=0.3000E+02

-0.3120E402

~0.3240E+02

-0.3360E+402

-0.,3480E+02

-0,3600E1+02

-0.3720E+02

-0.3840E+402

-0.3960E402

b -0.,4080E+02
i -0.,4200E402
K -0.4320E+02
-0.4440E+02
-0.4%60E102
-0.4680E1+02
~-0.,4800E402
-0.,4920E402
-0.5040E+02
-0.5160E402
~0.5280E+02
-0.5400E402
-0.5520E+02
-0:5640E4+02
~0.,5760E402
-0.5880E402
~0,6000E+02 l-ommmm s e e e e e e e e e e 1

—
¢
!
I
{
i
[}
1
i
!
I
!
i
!
|
i
|
i
1
1
!
1
)
{
!
!
]
1
1
[
1

i
{
{
I
!
|
{
|
{
}
|
t
|
!
|
!
!
i
!
i
{
|
1
|

]

I
|
|

1

1% 1%

¥ 1XK1k1kIxixk1k1x1ikix 1
1
1 1

S W cEE CEE B cED WD EB Em M EB smm G el AP cmm AR rEm G e caE e T A e AN me fER CER W cmm UR cEm G M @B CEE Gm e R SSE tEER TER AR W R R cmm o

o tem v b wm tem tem twn tew tEm cwm em cme e ek e e tmm Ew tew TEm tem vmm tmm SER tem e em tmm S fEe e tmm e tom fem e SE tem sem cem cam tme fem tem tem rmm cem cam

‘ -0.100000E402 <0.333333E+01 0.333333E401 0.100000¢

FIG. 16 ~ ELEMENT PATTERN ALONG X-AXIS FOR TWO DIMENSIONAL LENS WITH MECHANI! i
DEFORMATION. " AL

—————




0+ 0000E+00
-0+.1200E+01
-0.2400E+01
-0.3600E101
-0.4800E+01
-0.,6000E+01
-0.7200E+01
-0.8400E+01
-0.9600E+01
-0.1080E+02
-0.1200E402
~0.1320E402
-0.1440E+402
-0.1560E+02
~0.1680E+02
-0.1800E+402
-0.1920E4+02
~0.2040E+402
-0.2160E402
=0.2280E+02
~0.2400E+02
-0.2520E+02
~0.2640E402
-0.2760E+02
~0.2EB0E+02
-0.3000E£3+02
-0.3120E+02
~0.3240E402
~0.3360E+02
~0.3480£+402
~0.3600E402
~0.,37206402
-0.3840E+02
-0,3960E402
~0.4080E+02
-0.4200E402
~0.,4320E+02
~0+4440E102
~0.4560E+402
-0.,4680E+02
-0.,4800E+02
-0.4920E+402
-0.5040E102
-0.5160E+02
-0.5280E+02
-0.,5400E+02
~0.5520E+02
~0.5640E402
~0.5760E+0%
-0.5880E4+02

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
1
!

e it o e e 4e e ot St . s T 4 a0 A M mwe i wEt s n e v C WEe Wt TR e Mee W R S i W S S ¢ = M S S A —— " — > —

11

i1
111
1 X
1 1X1%

X
X1 1

1X1X1KIKIKIKIKIKIXKD

1

i

1

11

-
[ .
t e iem e em Em cEmm tms tem AR s SR tEm cAm cem iGm e WS cEm cEm fEm rem M cem EB imm MR e (B e YR Em R R s cme cEw s e e cem e em tem e e e cem

=04 6000E+02 1 === === m = e e e 1

~0.100000E+02

~-0.333333E401

0.333333E401

.

0.1C0000E+:

FIG. 17 - ELEMENT PATTERN AT 45° TO X-AXIS FOR TWO DIMENSIONAL LENS WITH NO

MECHANICAL DEFORMATION.

i . da

it o A S e 6 2 o PV e

s

g .

.

EATTS Ry




- 0.0000E+00
3 ~0.1200E+01
- -0.2400E401
~0,3600E+01
-0.4800E+01
-0.6000E+01
-0.7200E+01
-0.8400E+01
-0.9600E+01
-0.1080E+02
-0.1200E+02
-0.1320E402
-0.1440E+02
-0.1540E402
-0.1480E+402
-0,1800E+02
-0,1920E+02
-0.2040E402
-0.2160E402
-0.2280E+02
-0.2400E+02
-0.2520E+402
-0.2640E402
-0.2760E+02
-0.,2880E402
-0.3000E+02
-0.3120E402
-0,3240E402
-0.3340E402
-0.3480E+02
-0.3400E402
~0.3720E402
~0.3840E402
-0.3960E402
-0.4080E+02
~0.,4200E402
-0,4320E402
-0,4440E402
~0.4560E402
-0.4680E+02
-0.,4800E+02
-0,4920E402
-0,5040E402
~0,5160E402
-0.5280E+02
~0.5400E+02
-0.5520E+02
-0,5640E402
-0.5760E+402
-0.5880E+02
3 -0.4000E+02

B S s e e e e et T e WS Wt St B8 Grs S W M - e e s e S = W S e e ks e S G WP Tmt My v ve WS v et e S S - A A - —

.
A

1% 1%
¥ 11 1kIxixixixkixix 1
11x%x )|
1 1

N fmm A VD sem TED e e vem oW (W e iwm cmm CER e fEw tem tew tae Pd e CEP fem tew ‘R e tem Chme MR tmm B N cER e S cam e aw ‘ew B AR rmm ‘e Hm cmm fea cmm mm feek @
[T S,

.
O R CED S iam TR M MDY M cam WP R Em G M R M AR e AR M cam CER M CEm et e CEE A LM CAm D AR B cew ‘BB ER e tEm CER CGm R S cwm cEm

i
i
!
t
1
[}
}
I
i
|
!
)
!
1
!
!
\
i
[}
1
|
{
!
!
1
i
4
1
i
!
i
t
i
|
]
!
!
[}
1
1
!
i
1
!
)
!
[}
!
f
{
!
]
]
}
t
I
!
1}
1
-

‘ ~0.100000E+02 ~0.333333E+01 0.333333E+4+01 0.,100000E4-

LA S i atm

‘ FIG. 18 - ELEMENT PATTERN ALONG Y-AXIS FOR »
3 BT TWO DIMENSIONAL LENS WITH NO MECHANICAL

T e—————

TN i PR N T R T R T gy




0.0000E+00

- -0.1200E401

-0+.2400E+01
-0.,3600E+01
-0+,4800E+01
-0.6000E1+01
-0.7200E+01
-0.8400E+01
-0.9600E401
-0.1080E+02
-0.1200E402
-0.1320E+02
-0.1440E402
-0.15460E+02
-0.1680E4+02
-0.1800E4+02
-0.1920E+402
~0.2040E+02
-0.2160E4+02
-0.2280E+02
=0.2400E+02
-0.,2520E402
~0.,2640E4+02
~0.2760E+02
-0.2880E+4+02
~0.3000E+02
-0.3120E+02
-0.,3240E402
~0.3340E+02
~-0.3480E4+02
=0,3400E+02
-~0.3720E4+02
~0.3840E+02
-0,3960E1+02
-0.4080E+02
-0.4200E+02
-0.4320E402
~0.4440E+02
~0.,4560E102
~0,4680E402
~0.4800E102
-0.,4%920E+02
-0.5040E+02
-0.5160E402
-0.5280E4+02

it ew cem tee tas cm cmk cew s s sam cam fub tas fem mm e tem s e (e e cem cme R e e et cdm em me tem mm me e tdm tem cab e e e b &

1x1
b *1
1 x11

11

X111 X

=0.5400E402—+

-0.5520E+402
~0.5640E4+02
-0.5760E402
-0.,5880E+402
-0.46000E+02

d -0+100000E4+02

-0+ 333333E401

11k1X1kik1IkIXIXIXIX]

1

1

0.333333E+401

[y
[
*
[

0+.100000E+0

FIG. 19 ~ ELEMENT PATTERN AT 120° TO X-AXIS FOR TWO DIMENSIONAL LENS WITH NO
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FIG. 21 - RADIATION PATTERN AT 45° TO X-AXIS FOR TWO DIMENSTONAL LENS WITH AMPLITUDE
OF MECHANICAL DEFORMATION = ] AND MBECHANICAL "FREQUENCY" = 2.
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FIG. 23 - RADIATION PATTERN AT 120° TO X-AXIS FOR TWO DIMENSIONAL LENS WITH AMPLITUDE
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FIG. 26 - RADIATION PATTERN ALCNG Y-AXIS FOR TWO DIMENSIONAL IENS WITH AMPLITUDE OF
MECHANICAL DEFORMATION = 1 AND MECHANICAL "FREQUENCY" = 2.
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FIG. 27 - RADIATION PATTERN AT 120° TO X-AXIS FOR TWO DIMENSIONAL LENS WITH AMPLITUDE
OF MECHANICAL DEFORMATION = 1 AND MECHANICAL "FREQUENCY" = 2,






